Abstract-In this paper, nonlinear behaviours for a shallow unsymmetrical, orthotropic sandwich shell of double curvature with orthotropic core having different elastic characteristics have been studied by a new set of uncoupled differential equations. The face sheet may be of unequal thickness of different materials. However, a restriction that the elements radii of curvature be large compared to the overall thickness of the sandwich has been imposed.
INTRODUCTION
In recent years the field of sandwich construction has gained importance as a result of improved manufacturing techniques. The newly developed manufacturing methods made the use of sandwiches economically feasible, and the collection of more research data is becoming increasingly import ant.
It is Reissner [I) who contributed significantly to an understanding of the behaviour of the sandwich shells. He showed the effects of shearing deformations and core-compressions which differentiate the sandwich theory from the ordinary shell theory based on the Kirchoff-Love assumptions. Since then, numerous papers have been published evaluating analytical and experimental results of studies dealing with statically loaded sandwich plates and curved shells [Z-IS].
Kamiya's [19] equations using Berger's [20] approximation to study the nonlinear static behaviours of isotropic sandwich plates is restricted only to plate geometry due to the introduction of a correction factor. Although Berger's method has been applied for the solution of conventional plates and shell problems, yet this method completely fails for movable edge conditions. Alwan [21] and Nowinski and Ohnabe (221 have also derived equations of sandwich shells with orthotropic core for the analysis of large deflection. More recent investigations have also enriched the theory of sandwich shells by including doubly curved shells [16, 23] .
The present paper offers a new set of differential equations in rectangular Cartesian coordinate system in uncoupled form which governs the behaviour of an orthotropic elastic doubly curved shallow sandwich shell with orthotropic core and unsymmetrical faces. In deriving these equations, the idea of Bera [23] used in the case of isotropic symmetrical sandwich shells has been utilized with purpose and profit. But, as a matter of fact, the equations obtained in [23] for the isotropic sandwich shell with symmetrical faces can be deduced from the present discussions.
In course of investigation, it is assumed that the core undergoes only transverse shear deformations and that a line through the undeformed core remains straight under deformations, but not necessarily pkrpendicular to the middle surface of the shell. It is further assumed that the total thickness of the shell element is small compared to the radii of curvature. The face sheets, however, are assumed to satisfy the Kirchoff-Love assumptions, and their thickness, while not equal, is small compared with the overall thickness of the sandwich section. It is likewise assumed that the core compression in a direction normal to the middle surface of the shell is negligible. The properties of each layer are different in different directions.
Furthermore, the result for movable edge conditions can be easily derived from the equation of immovable edge conditions. Numerical results of rectangular cylindrical sandwich shells with the different aspect ratio under dynamic loading have been computed and compared with other available results in case of nonlinear vibration.
The critical loads for stabilities have also been calculated for movable and immovable edge conditions and compared with other available results.
GOVERNING EQUATIONS
Let us consider a rectangular Cartesian coordinate system 2, g, z with 2, J/ in the middle surface of the core, and t the thickness direction (positive downwards). If the expression for the strains in the ith face sheet in the x and y directions are noted as ~ri, EZ~, respectively, the transverse shear strain as 7iyi, curvature in the x and y directions as ~1 and ~2, and the twist as 612, then equation (2.1) holds true for each of the separate face sheets .th where Ui, vi, and w are the middle surface displacements of the z face sheet considered in the 2, y, and z directions, respectively. RI and Rs are the radii of curvature of the plate elements in the x and y directions, and subscripts x and y denote differentiation with respect to x and y, respectively.
Let the stress-strain relations for each face sheet made of orthotropic material be given by equations (2.2), Nli = Ri (&ii + ~2~20 > N2i = Bi (E2i + VlEli) 9 (2.2)
where Ei, Vi, ti refer, respectively, to Young's modulus, Poisson's ratio, and thickness of the ith face sheet considered. When dual subscripts are used, the first subscripts refers to the direction of the strain and the second refers to the face sheet under consideration. Thus, ~21 signifies the strain in the y-direction in the upper face. Let us now introduce
and subscripts 1 and 2 refer to the upper and lower face sheets, respectively, where h is given by (2.8).
The averaged values of both face strain components can be written as
With the help of equations (2.3) and (2.4), we can write (2.5),
(2.5) 71 =7m+$/+tt), "I:!=-? -;c% +A).
By virtue of the Hooke's law for unsymmetrical orthotropic materials, the strain energy per unit area of both the faces is represented as (2.6), To determine the total strain energy of the sheet, there remains to be included only the contribution of the orthotropic core. It is assumed that the core undergoes only shear deformations, and further that a line initially straight, before deformations, remains straight in deformed state, however, not necessarily perpendicular to the middle surface of the sheet. The displacement of a point in the core in the x and y directions is given by equation (2.7), if the location of the neutral axis is known. To determine the shearing strains of the core, we have to determine the displacements of the core, and this can be done from where G13 and G33 are the shearing moduli of the orthotropic core. The strain energy per unit area of the orthotropic core due to shear becomes
In consequence, the total strain energy per unit area of the orthotropic sandwich-shell with orthotropic core is Vs=VJ+V& (2.11)
Let us assume that Assuming B1 and Bz as constants, we obtain from (2.15a) and (2.15b) In case of isotropic material u1 = us and Grs = Gzs, equation (2.18) becomes identical with that obtained in [23] . Furthermore, the equation obtained in (2.17) in the present case may be reduced exactly to that of Fulton [16] , which was found by a different method under identical conditions. Also, if BI = Bz and Grs = G23 = 0, ~1 = v 2, equation (2.18) can easily be identified with that obtained by Sinha Roy and Bannerjee in the ordinary nonlinear theory of shells [24] .
Finally, minimizing the potential energy, the value of Am can be obtained as x, = 2VrU2, for clamped edge, and &I = QU2, for simply supported edge. (2. 19) As an illustration of equation (2.18), we consider the following problem.
STABILITY OF A SHALLOW SANDWICH SHELL
Let us consider a square rectangular simply supported curved plate subjected to a normal force N, parallel to its directrix along the edge 2 = 0, z = a. It is required to determine the critical load for the problem and to investigate the post-buckling behaviour of the shallow shell. 
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A 'y 1+vz +wzz+& (l+;)..,Jih.,{ (;+w,.+wyy) Let Differentiation of equation of (3.10) with respect to wc followed by a solution for UJO yields 128a2 w" = 15+R' (3.12)
From equations (3.10) and (3.12), as in present case, the lower value of the critical load Nk which results after loss of stability can now be obtained as N; = NJ' -(B1 + B2)~x'".
(3.13)
Thus, we obtain NZ N," 1 Nk -N," -(Bi + Bz) (2048a2/45nsR2) X, =1_1 (3.14)
where It is interesting to note that result (3.17) was obtained by Fulton [16] in the case of immovable edges. We now extend our method of analysis for the solution of another problem given below.
VIBRATION UNDER DYNAMIC LOADING
Let us now consider free vibrations of an orthotropic simply supported sandwich cylindrical shell with an orthotropic core. Adding the total potential energy given by equation (2.14) to the total kinetic energy of the shell, one may form the Lagrangian function and then applying Hamilton's principle (neglecting the in-plane inertia effect), the following equation (4.la) is obtained through Euler's variational principle: 
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With the initial conditions F(T) = 1 and 9 = 0 at r = 0, the solution of equation (4.7) can be written as [25, 26] (4.8)
where WNL and WL are the nonlinear and linear frequencies, respectively.
NUMERICAL RESULTS AND DISCUSSION
In the present study (PS), the stability of a simply supported orthotropic sandwich shallow shell with orthotropic core for both immovable as well as movable edges has been investigated to determine the critical loads and to discuss the postbuckling behavior. The interesting point of this method is that the same differential equation serves the purpose of investigation of immovable as well as movable edge conditions.
In case of immovable and movable edge conditions, the ratio of upper and lower critical loads are found to be 1.31 and 1.05, respectively.
The value corresponding to immovable edge as obtained by Fulton [16] by a completely different method is 1.05. It is not out of place to mention that Berger's method in this case yields much lower value as compared to the value obtained by Fulton [16] as well as in the present study. So, it may be said that our method is more acceptable for all practical purposes. The graphs from the present analysis throw enough light towards the behaviour of vibration of an orthotropic sandwich shell with orthotropic core. The value obtained in the present analysis is very close to the experimental results, and hence, more acceptable for practical purpose. Berger's method as followed by Kamiya 1191 in case of isotropic material depends on a correction factor which is a function of the geometrical structure.
Our present study is simple and more accurate, and the results both for the movable as well as immovable edge conditions can easily be obtained from the same differential equation. This is an additional advantage.
